INTRODUCTION
The applications of flexible structures in mechanical design have been growing rapidly in the past three decades. These flexible structure elements such as beams, shells and plates have being common used in engineering industrials and applications due to the technical important Among the flexible elements, plates were commonly used in many field of engineering applications e.g. in aeronautical, marine, microchip manufacturing, naval structure and etc. Light weight and strong materials always been used to fulfil this demand of industries even though there are certain drawbacks because of dynamical flexible structure system. These flexible elements can handle static loads. However, it becomes unstable when it comes to dynamic loads and will lead to future damage as stress and fatigue produced [1] . These conditions were lead to encouragement of researches focusing on dynamical performance of flexible flat, thin, rectangular plate in recent days [2] .
In the past technology, passive vibration control was introduced to suppress extra vibration that travel on structures. This technique has high performance against wide range frequency of vibration but cannot been implement to light and flexible structures as increasing the weight and geometrical limitations. Therefore, active vibration control was a better option to solve this vibration problem case. Many studies have been done by simulation and [3, 4, 5] . And more important, an accurate model of flexible plate structure will ensure effective control of disturbance vibration and at the same time, increase the performance of flexible plate structure [6] .
II.
SYSTEM IDENTIFICATION

A. Experimental Setup
In this investigation, the input-output of the plate system are first acquired through the experimental studies using National Instrument (NI) data acquisition system. A rectangular plate is investigated to provide experimental data. Table I list the parameters of the studied plate. The experimental arrangement developed for this study is established as shown in Figure 1 . Acceleration at two points, G I and H is obtained and treated as input and output to the system respectively. An electromagnetic shaker is employed to vibrate the plate system using voltage signal from function generator with 10 Hz of 10 V sinusoidal signal. Two piezobeam type accelerometers (as shown in Figure 2 ) are used to collect plate acceleration data. 
Genetic Algorithm (GA)ldentification
In this research, evolutionary algorithm methodology (binary coded genetic algorithm (GA) based on ARX model structure) is used to estimate the parameters. The schematic of ARX model is shown in discrete domain in Figure 3 . Figure 4 shows the principle of plate system identification via genetic algorithm. As noted, genetic algorithm uses error function to estimate the model parameters [6] . Figure 3 . Schematic of ARX model [7] The predicted error, e(t) between the system output, yet) and one step ahead (OSA) estimated model output, y (I) at time 1 is:
where 9(t) can be expressed as in equation below;
(2) Figure 4 . Diagrammatic representation of the systen identification via genetic algorithm [6] .
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where A( z -I ) and B( z -I ) are polynomials with associated parameters. u(k) is the input data, y(k) is the output data, ((k) is the zero mean white noise. z-I is a back-shift operator, n is order of the model and al until an and bl until bn are the model parameters. The mean square error is defined as:
where N is the number of sampled data. An obvious approach is then to estimate the model parameters so as to fit the predicted output, 9 (t) as best as possible to the real output. In other words, the parameters should be estimated so that the mean square error converges to zero. Therefore, the mean square error was employed as the fitness function of the GA and the optimization process of the GA was conducted to estimate the model parameters so that the value ofMSE was reduced to a distinct level.
Investigation is carr ied out by realizing the GA with different initial values and operator rates. From the work carried out it was found that satisfactory results are achieved with the following set of parameters: The data set, comprising 4000 data points, is divided into two sets of 3000 and 1000 data points respectively. The first set is used to estimate the model parameters whilst the second set is used to validate the model. Both output and estimated outputs are plotted in Figure 5 . The error between actual and predicted GA output are plotted in Figure 6 and the best and mean fitness values in each generation in Figure  7 . The division between the trained data and the unseen data is indicated as a vertical line located at point 3000 as shown in Figures 7 and 8 . The deflection model was investigated with different model orders. The best result was achieved with model order = 2, that mean, for 3000 data length, which was used to find the parameters. The best mean square error of identification via genetic algorithm is 0.000562. 
94 Correlation tests are carr ied out to determine the effectiveness of the GA-based model. Figure 8 shows the results of the correlation tests. The results were found to be within 95% confidence level thus confirmed the accuracy of the results. 
III. POLE PLACEMENT METHOD
Pole placement method or Full State Feedback (FSF) is a well-known method employed in feedback control system theory to place the closed-loop poles of a system in pre determined locations in the s-plane. Placing poles is desirable because the location of the poles corresponds directly to the eigenvalues of the system, which control the characteristics of the response of the system and hence the stability of the system. The system must be considered controllable in order to implement this method [8] . In this simulation study, pole placement is just another method to test whether the GA model of the plate system produced is a valid model. In addition, pole placement posses the ability to reduce the instability of the system. The initial poles of the system ( -O.02+0.1473i, -O.02-0.1473i ) were assigned to new desirable locations (-O.045+0.1473i, -O.045-0.1473i ) by using algorithm proposed by Kautsky et. at [9] . It was found that the initial transfer function of plate system is unstable even to a low controller gain, Kp. These new locations of poles were used as the design rules of the proposed high gain controller. Using pole placement method within the GA optimised model of the rectangular plate system as shown previously in Eq. 4, for a unity negative feedback control system, the new controller transfer function was formulated as; 2 G(5) = 0.072765 -0.07225+0.003199 5 2 + 0.095 + 0.02372
(5) Figure 9 shows the step response of uncontrolled plate vibration and pole placement method.
.':--, -------c!-----:::c--------;!;-----:::c--------;!;-----,! T"'(se<ordsj Then, several types of disturbance vibration are applied to the controlled plate system to evaluate its performance. Sinusoidal, square, sawtooth and random types of disturbance signal are tested to vibrate the plate system with amplitude 1 0 V and frequency of 20 Hz which is the fIrst frequency mode of the plate system [10] . Sampling time is set to be 0.001 s for simulation study in Matlab-SIMULINK environment in period of 10 s.
IV. RESULTS
The results are obtained by using proportional gain, Kp equal to 10 to suppress disturbance vibration of plate system. Figures 10, 11, 12 and 13 described the performance of proposed controller. From the results obtained, the percentage of overall attenuation by using pole placement method proposed in the study was found to be 39.53% based on acceleration reduction in time domain.
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V.
CONCLUSION
This paper presented an application of pole placement method in active vibration suppression of a flexible plate system. The dynamical behaviour of flexible plate structure system was represented by a model that was obtained using system identification method via genetic algorithm (GA)
technique. The results of the proposed unity negative feedback controller using pole placement method indicated its ability to stabilised the plate system and attenuate the vibration of the plate under various types of vibrational disturbance. 
